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Responses to hemorrhagic arterial pressure reduction in different
ischemic renal failure models. Renal blood flow (RBF) autoregulation has
been found to be impaired in both norepinephrine (NE) and renal artery
clamp (RAC) rat ischemic acute renal failure models. However, the
decline in RBF at the normal lower limit of autoregulation is greater in
NE-ARF. The present study was designed to determine if this difference
in autoregulatory profiles has potential functional and morphologic sig-
nificance. After demonstrating a fall in RBF to renal perfusion pressure
reduction to 90 mm Hg that was twofold more in one week NE- than
RAC-ARF (p < 0.001), separate rats of both ischemic ARF types with
nearly identical levels of azotemia and glomerular filtration rate reduction
and sham-ARF rats were subjected to four-hour controlled reduction in
mean arterial pressure to 90 by transient phlebotomy at one week. On day
9, two days after mean arterial pressure reduction, blood urea nitrogen
(BUN), serum creatinine (Sçr) and creatinine clearance (Car) showed
continued improvement in RAC-ARF, but there were significant increases
in BUN (46 22 to 72 10 mgldl) and Se,. (1.2 0.2 to 1.5 0.2 mgldl)
and a decline in C. (0.434 0.127 to 0.334 0.079 nil/mm) in the
NE-ARF group (all P < 0.02). The mean sum of scores of morphologic
indices of ARF was higher in NE- than RAC-ARF kidneys of rats
sacrificed on day 9 but interstitial edema was the only individual index that
was worse in NE-ARF. By day 14, function parameters had improved in
both ARF groups, but BUN remained significantly higher in NE-ARF
than the RAC-ARF group (P < 0.01). It is concluded that there is a
distinct difference in susceptibility to recurrent injury and azotemia in NE-
and RAC-ARF which is likely related to differences in maintenance phase
renovascular reactivity in these two ischemic ARF models.
Abnormalities in renovascular reactivity have been found in
ischemic acute renal failure (ARF) models. The most notable of
these functional aberrations has been altered renal blood flow
(RBF) autoregulation [1—4]. It was shown recently in rats, how-
ever, that there were differences in the patterns of abnormal
autoregulatoiy responses in the norepinephrine-induced (NE)
and renal artery clamp (RAC) ARF models [5]. A paradoxical
vasoconstriction was found in response to a reduction in renal
perfusion pressure (RPP) in the autoregulatory range in NE-
ARF. In contrast, in the RAC-ARF model, there was no para-
doxical vasoconstriction, but rather a physiologically insufficient
reduction in renovascular resistance to RPP reduction in the
autoregulatory range to maintain constancy of RBF.
While prior studies have sought to explain the mechanisms
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underlying the differences in RBF response patterns to RPP
reduction in these two ischemic ARF models [1, 3, 5, 6], the
question has arisen as to whether these represent only an inter-
esting spectrum of aberrations in renovascular reactivity or
whether there are, in fact, potentially important renal function
consequences related to the differences. In a previous investiga-
tion it was shown that a transient reduction in RPP only to the
lower limit of the autoregulatory pressure range in NE-ARF at
one week resulted in functional and morphologic evidence con-
sistent with recurrent renal injury [7]. Presumably, this new injury
was due to the major decline in RBF with RPP reduction in this
model. On the other hand, it is possible that a similar transient
reduction in RPP to the lower limit of autoregulation in the
RAC-ARF model at one week would not result in recurrent
injury, since the fall in RBF with similar RPP reduction was shown
previously to be less than in NE-ARF [5].
The purpose of the present study, therefore, was to, first,
compare the RBF responses to RPP reduction in one week NE-
and RAC-ARF rats and, secondly, to determine the effects on
renal function and morphology of a sustained four hour reduction
in RPP to the physiologic lower limit of autoregulation in separate
one week NE- and RAC-ARF rats. The results indicated that
there not only were reproducible differences in RBF autoregula-
tion, but there were also significant differences in the functional
responses to transient arterial pressure reduction in these two
models of ischemic ARF.
Methods
Acute renal failure was induced by intrarenal NE infusion or
RA clamping in adult Sprague-Dawley rats (250 to 300 g) that had
undergone right nephrectomy under light methoxyflurane anes-
thesia 10 days earlier. The right adrenal gland and its blood supply
were preserved. Prior nephrectomy was performed because of the
technical difficulty of estimating severity of initial isehemia in two
kidneys simultaneously and the desire to have a uremic state in
the maintenance phase assessment. In the NE-ARF group (N =
18) the left renal pedicle was exposed aseptically under pentobar-
bital anesthesia. A micropipette (OD 35 j.tm) mounted on a
micromanipulator and attached to a motor driven syringe con-
taining NE was introduced into the renal artery. NE was delivered
at 0.6 jsg/kg/min for 90 minutes. In a previous study it was
determined that RBF fell to 10 to 15 percent of baseline within
five minutes of beginning NE infusion, remained at this level
during infusion and recovered slowly to 70 to 80 percent of
baseline over 18 hours after discontinuing NE [5]. The RAC-ARF
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animals (N = 18) were similarly anesthetized and the left renal
pedicle exposed. Following initiation of a heparin infusion (5
U/mi) into the abdominal aorta with a micropipette (OD 35 ttm),
a vascular clamp was positioned about the renal artery at is origin
from the aorta. The clamp was tightened for 75 minutes suffi-
ciently to interrupt blood flow. The major renal nerve trunk was
identified and not clamped. The clamp was relaxed slowly over
five minutes and the heparin infusion micropipette removed from
the aorta. With this method, RBF was found to fall abruptly to 1
to 2 percent of baseline RBF, remained at this level during
clamping and recovered to 80% of baseline within 10 minutes of
clamp removal [5]. A previous study [5] and preliminary experi-
ments had shown that this duration of clamping resulted in a level
of renal dysfunction similar to that in NE-ARF rats at one week.
Sham-ARF induction was performed in 18 uninephrectomized
rats as follows: After pentobarbital anesthesia the renal pedicle
was exposed, a clamp was positioned loosely about the proximal
renal artery and a micropipette (OD 35 m) placed in the
mid-portion of the renal artery through which saline was infused
at the same flow rate as with NE, After 90 minutes the clamp and
pipette were removed. Following ARF and sham-ARF induction,
surgical wounds were closed and all rats returned to individual
cages. They were permitted ad libitum water and given a low
potassium diet (ICN Pharmaceuticals, Cleveland, Ohio, USA) for
72 hours and a standard rat chow diet (Wayne Feed, Longmont,
Colorado, USA) thereafter.
Autoregulatoty responses to RPP reduction
RBF responses to RPP reduction in the autoregulation range
was measured on day 7 after induction in six rats in the NE-,
RAC- and sham-ARF groups. Autoregulatoiy experiments were
carried out as follows: animals were anesthetized with pentobar-
bital, 60 mg/kg i.p., after solid food had been withheld overnight.
An endotracheal tube was positioned and catheters were placed in
the right jugular vein and femoral artery. The left kidney was
exposed through a flank incision, supported in a lucite cup and
bathed with 37°C physiologic saline. The renal artery was dis-
sected bluntly from the renal vein and a catheter placed in the
ureter. Mean renal perfusion pressure was measured through the
right femoral artery catheter, which was advanced to just below
the renal artery orifice. The catheter was connected to an elec-
tronic transducer (P23Db; Statham Instruments, Oxnard, Califor-
nia, USA), and a direct-writing recorder (7702B; Hewlett-Packard
Co., Palo Alto, California, USA). Ringer's lactate, containing an
amount of inulin sufficient to give plasma concentrations of 50 to
100 mg/dl, was infused at 2 ml/hr through the jugular venous
catheter. A miniature electromagnetic flow probe (Carolina Med-
ical Electronics, Inc., King, North Carolina, USA) was placed
around the renal artery and attached to a digital recorder. The
flow probe size (2.5 to 3.0 mm) was chosen that circumferentially
fit closely about the arterial wall by low power microscopic
observation but did not alter urine flow rate. Calibration was
conducted according to the method of Arendshorst, Finn and
Gottschalk [8]. After one hour of equilibration, blood and urine
samples were collected for C,,, measurements. Following baseline
measurement of RBF, the change in RBF to reduction in RPP in
the autoregulatory range was measured, RPP was controlled by
placing a pliable small-gauge platinum wire clamp about the aorta
above the renal artery. Alterations in RBF were determined at
RPP of 120, 110, 100 and 90 mm Hg. The autoregulatoiy range of
RBF in the rat has previously been demonstrated to be between
140 and 90 mm Hg [9]. RBF was recorded two minutes after RPP
was stabilized at each respective pressure. Measurements were
made in duplicate.
Effects of reduction in RPP on course of renal flinction
The remaining 12 rats in each group were maintained in
metabolic cages after NE-, RAC- or sham-ARF induction. Blood
urea nitrogen (BUN), serum creatinine (5cr) and creatinine
clearance (Car) were determined on days 0, 3, 7, 9 and 14.
After completing blood and urine collections on day 7, animals
were removed from metabolic cages and anesthetized with pen-
tobarbital (60 mg/kg i.p.). Blood (vol 0.8 to 1.5 ml) was removed
via a catheter placed in a branch of the femoral vein to reduce
mean arterial pressure (MAP) from the pre-phlebotomy value
(mean 119 4 mm Hg) to 90 4 mm Hg. Volume of blood
removed to achieve sustained RPP reduction was similar in the
three groups of rats. MAP was continuously monitored with a
25-gauge needle inserted into the tail artery and connected to a
Statham PD23 transducer which, in turn, was connected to a
continuous digital display and oscilloscope monitor. The femoral
vein catheter was connected to an iced sterile heparinized syringe
maintained at approximately 20°C. After the initial quantity of
blood was removed to reach MAP of 90 mm Hg, further small
quantities of blood were removed or returned as necessary to
assure constancy of MAP at 90 mm Hg. After four hours blood
was slowly reinfused. The femoral vein catheter and tail artery
needle were removed and ligatures were place about the femoral
phlebotomy site. Animals were then returned to metabolic cages
for completion of the scheduled BUN, Sr and Ce,. measurements
and/or morphology assessment.
Moiphology following RPP reduction
After completing blood and urine collections on day 9, six of the
12 rats in each group that had undergone a four hour RPP
reduction on day 7 were selected at random and sacrificed for
histologic examination. Blocks of tissue 2 to 40 mm thick,
including cortex, medulla and papillary tip were removed from the
rats and fixed for four hours in 10% Zenker's formalin, washed in
water, stored in sodium phosphate buffer with xylene and embed-
ded in paraffin. Sections were cut 20 to 40 tm and stained with
hematoxylin and eosin, periodic acid Schiff (PAS), and Gomori's
trichrome. The slides (N = 3 for each kidney) were coded and
evaluated blindly by Dr. Frederick Miller at SUNY (Stony Brook,
New York, USA). Renal histopathologic alterations were evalu-
ated using the criteria established by Solez, Morel-Maroger and
Sraer [10] and used previously by FM [7]. Changes were graded on
a 0 to 2 scale in a double blind fashion. There was uniform
correlation on sections from the same animal. The morphologic
indices included neutrophils in vasa recti, tubular necrosis, tubular
regeneration, tubular cell mitoses, dilation of Bowman's space,
tubularization of the parietal epithelium of Bowman's capsule,
calcific debris in tubular lumina, interstitial inflammation, casts,
prominence of the juxtaglomerular apparatus, interstitial edema
and loss of tubular brush borders (PAS).
Analytical procedures
Plasma and urine inulins were measured with a Technicon
autoanalyzer (Technicon Instruments Corp., Tareytown, New
York, USA). BUN (j.d samples) was measured with a Beckman
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Fig. 1. The renal blood flow responses to reduction in renal perfusion
pressure in the autoregulation range were distinctly different among the sham-,
RAC- and NE-ARE rats (each group N = 6) at one week. The slope of
LRBF to RPP was greater in RAC- than sham-ARF (P <0.02) and
greater in NE- than RAC-ARF (P < 0.01). The fall in RBF at 90 mm Hg
was twofold greater in NE- than RAC-ARF.
microanalyzer. Serum creatinine and urine creatinine (1il sam-
ples) were measured with a Beckman creatinine analyzer.
Data are expressed as means SD. In autoregulation experi-
ments slopes were determined from linear regression analysis for
each animal and mean values calculated for each group. One-way
ANOVA for repeated measures with the Bonferroni correction
was used to compare time-related functional parameters within
each group [11]. Comparisons of autoregulatory slopes, functional
and morphological parameters among groups were made by
ANOVA for multiple groups followed by multiple pairwise com-
parisons using the Scheffe's method [12]. Data were analyzed
separately for the six rats in each group that completed the 14 days
of experimentation to profile the overall course and for the six rats
in each group that were sacrificed on day 9 for kidney morphology
to determine if the functional parameter changes were similar
between the sacrificed and non-sacrificed animals within each
group.
Results
Autoregulation responses to RPP reduction
The values of C1 on day 7 for the NE- and RAC-ARF rats
subjected to autoregulation experiments were 0.415 0.102 and
0.444 0.095 mI/mm, respectively. These values were not signif-
icantly different. In the corresponding sham-ARF animals C1,1 was
1.150 0.119 mI/mm, significantly higher than that of either of
the ARF groups (P < 0.01).
Baseline RBF was similar in all three groups: 7.85 0.80 in
NE-ARF kidneys, 8.30 1.20 in RAC-ARF kidneys and 8.45
1.05 ml/min in the sham-ARF kidneys. The slopes of RBF to RPP
reduction were different as illustrated in Figure 1. In the NE-ARF
group, mean slope was 0.16 0.03 ml/min/mm Hg. In the
RAC-ARF group it was 0.08 0.02 mI/mm/mm Hg. In the sham-
ARF kidneys it was 0.02 0.03 ml/min/mm Hg. The slope of
NE-ARF was significantly greater than that of the RAC-ARF
group (P < 0.001) and the slopes of both NE- and RAC-ARF
groups were different from the sham-ARF kidneys (both P <
0.02). The corresponding changes in renovascular resistance
(RVR) from 120 to 90mm Hg were +15.2 2.1, +0.7 1.1 and
—2.8 0.5 mm Hg/ml/min in NE-, RAC- and sham-ARF,
respectively. The RVR increase in NE-ARF was significantly
greater than for RAC- and sham-ARF (P < 0.001) and that in
RAC- was greater than that in sham-ARF (P < 0.05).
Effect of reduction in RPPon course of renal function
The mean data for the six rats in each of the groups that were
not sacrificed and completed the 14-day functional assessment are
shown in Figure 2. BUN, SCR and CCR were similar in NE-, RAC-
and sham-ARF rats prior to initial ischemic (or sham) insult. On
day 3 following ARF induction, BUN were 117 47, 125 42
and 23 3 mg/dl, respectively; SCR were 2.2 0.9, 3.0 1.2 and
0.7 0.2 mg/dl, respectively, and CCR were 0.229 0.090, 0.23 1
0.13 1 and 1.357 0,120 mI/mm, respectively, in NE-, RAC- and
sham-ARF groups. All three measurements were significantly
different in NE- and RAC-ARF animals from the corresponding
values on day 0 (P < 0.005) and from those on day 3 for the
sham-ARF group (P < 0.005). There were no differences in BUN,
SCR or CCR between NE- and RAC-ARF groups, nor were there
changes from day 0 in the sham-ARF rats.
On day 7 prior to RPP reduction, BUN were 46 22, 35 8
and 21 3 mg/dl, respectively; SCR were 1.2 0.3, 1.1 0.3 and
0.6 0.1 mg/dl, respectively, and CCR were 0.434 0.127, 0.606
0.146 and 1.342 0.128 ml/min, respectively, in NE-, RAC- and
sham-ARF animals. All parameters had improved significantly
compared to day 3 in the NE- and RAC-ARF groups (P < 0.01),
but remained higher than the corresponding BUN, SCR and CcR
values in sham-ARF rats on Day 7 (P < 0.05). The values of these
three functional parameters were similar between NE- and RAC-
ARF on day 7.
There were divergent changes in renal function parameters in
the NE- and RAC-ARF groups after transient RPP reduction, but
no changes in the sham-ARF animals. By day 9, two days
following RPP reduction, the respective BUN, S and C
values of 72 10 mg/dl, 1.5 0.2 mgldl and 0,334 0.079 ml/min
in the NE-ARF group had changed significantly compared to the
corresponding values on day 7 (all P < 0.02), indicating worsening
renal function. In contrast, the respective values of BUN, Sr and
Ccr of 31 4 mg/dl, 0.9 0.2 mg/dl and 0.857 0.309 ml/min
either did not change significantly, as was the case with BUN, or
improved slightly, as occurred with Scr and Cr (both P < 0.05),
when compared to day 7. BUN and SCR were both higher and
CCR lower in NE-ARF compared to the RAC-ARF group on day
9 (all P < 0.002). All three parameters of renal function in the
RAC-ARF group continued to be slightly, but significantly, dif-
ferent from the corresponding values in the sham-ARF group at
P < 0.05 on day 9. The BUN, SCR and CCR difference between
NE- and sham-ARF animals on that day were more significant (all
P < 0.001).
By day 14, or 7 days after transient RPP reduction, the BUN
were 30 5, 24 2 and 22 5 mg/dl, respectively; Sr were 0.9
0.2, 0.8 0.2 and 0.7 0.1 mg/dl, respectively, and CCR were
0.820 0.140, 0.944 0.147 and 1.305 0.157 ml/min, respec-
tively, in NE-, RAC- and sham-ARF animals, There was a
substantial improvement in all three parameters of renal function
in the NE-ARF group compared to day 9 (all P < 0.001). The
RAC-ARF group had a slight further improvement in BUN (P <
0.05), but no further statistically significant changes in SCR and
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Fig. 2. Blood urea nitrogen (BUN), semm creatinine (SCR) and creatinine
clearance (CCR) levels in NE-, RAC- and sham-ARF rats (each group N =
6) just prior to ischemia- or sham-induction (day 0) and for 14 days
thereafter. BUN and SCR were significantly increased (P < 0.005) and Cr
significantly decreased (P < 0.005) on day 3 in ARF groups compared to
sham-ARF and, while significantly and similarly improved in ARF groups
(P < 0.01), all parameters remained different from sham-ARF on day 7(P < 0.05). After transient MAP reduction on day 7 indicated by H, BUN
and S. were again increased and C decreased on day 9 only in
NE-ARF (all P < 0.02). By day 14, all parameters were improved except
that BUN remained significantly higher in NE-ARF than RAC- or
sham-ARF groups (P < 0.01).
C between days 9 and 14. None of the parameters changed in
the sham-ARF group in this interval. BUN remained significantly
higher in the NE-ARF group than the RAC- or sham-ARF groups
on day 14 (P < 0.01). Mean serum creatinine and CCR were not
different between NE- and RAC-ARF group; however, both
function parameters in the NE-ARF animals were significantly
different from those in sham-ARF rats (P < 0.05). In RAC-ARF
animals, only CCR remained different from the value in sham-
ARF rats.
In order to ascertain whether the six rats in each group chosen
at random on day 9 for kidney histological scoring were function-
ally similar to the rats as described above that were not sacrificed,
their BUN, SCR and CCR values from day 0 through day 9 were
analyzed separately and are shown in Figure 3. The intra-group
changes and inter-group differences were qualitatively similar to
those for the corresponding groups that were not sacrificed. The
values of BUN, SCR and CCR in the NE- and RAC-ARF groups
underwent similar changes from days 0 through 7 (prior to RPP
reduction), but differed significantly after RPP reduction on day 9
at P < 0.005, P < 0.05 and P < 0.00 1, respectively. None of these
functional parameters changed in the sham-ARF group.
The changes in individual animal CCR for all rats in the NE- and
RAC-ARF groups following transient RPP reduction, between
day 7 and day 9, are shown graphically in Figure 4. The overall
means were similar on day 7 (NE-ARF, 0.456 0.163; RAC-
ARF, 0.525 0.133 mI/mm). After RPP reduction, C fell in 11
of the 12 NE-ARF animal to a mean of 0.320 0.070 ml/min,
whereas, C increased in all 12 RAC-ARF rats to a mean of
0.655 0.205 ml/min. The difference in mean changes in CCR
following four hours of RPP reduction between NE- and RAC-
ARF rats was highly significant (—0.137 0.103 vs. +0.128
0.090 ml/min, respectively, P < 0.001). As illustrated in Figure 4,
the differences in CCR responses were similar for rats that were
and were not sacrificed for histology.
Moiphology following RPP reduction
Mean histopathology scores for the several morphologic indices
of ARF for each group on day 9, two days after RPP reduction,
are summarized in Table 1. While there were consistent and
significant differences in the functional responses to RPP reduc-
tion between NE- and RAC-ARF, the morphologic differences
were much less impressive. The mean sum of scores for all
morphologic indices of ARF was significantly higher in the NE-
than RAC-ARF kidneys (7.30 2.13 vs. 4.29 1.62, P < 0.02).
The mean sum of scores for both ARF groups was higher than
that for the kidneys of sham-ARF rats. However, when mean
scores of individual morphologic indices were compared between
NE- and RAC-ARF kidneys, no significant differences were found
for any morphologic index except interstitial edema (P < 0.05). In
particular, no differences were identified for the more specific
short-term tubular injury markers such as tubular necrosis, brush
border loss or cast formation.
Discussion
In this study, RBF autoregulation was significantly impaired at
seven days in both ischemic models of ARF. However, the
reduction in RBF when RPP was lowered to 90 mm Hg was nearly
twofold greater in NE- than RAC-ARF kidneys despite similar
levels of renal dysfunction. Given the marked differences in
autoregulatory profiles, it was hypothesized that the subsequent
functional response to a limited reduction in MAP by transient
phlebotomy at seven days might be different in NE and RAC
models of ARF. The NE-ARF rats demonstrated a worsening in
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Fig. 3. Results are illustrated as in Figure 1, but for the NE-, RAC- and
sha,n-ARF rats (each group N = 6) sacrificed on day 9 for renal histopa-
thology. BUN and SCR increased and C decreased similarly in NE- and
RAC-ARF groups on day 3 (all P < 0.005) and improved similarly by day
7 (all P < 0.01). BUN and S rose and CCR declined significantly after
transient MAP reduction (H) only in NE-ARF (all P < 0.05) on day 9
when all groups were sacrificed.
renal function after lowering MAP to only 90 mm Hg for four
hours while the renal function in RAC-ARF animals was unaf-
fected by this experimental maneuver. Even though the functional
responses were distinctly different, clear morphologic evidence of
fresh ischemic injury in NE-ARF following the imposed MAP
reduction was not detected. The mean sum of scores for all
Day 7 Day 9 Day 7 Day 9
NE-ARF RAC-ARF
Fig. 4. Changes in CCR for individual rats in the NE- and RAC-ARF groups
exposed to transient RPP reduction showed qualitative, as well as quantita-
tive, differences. All but one NE-ARF rat had a fall in CCR on day 9 after
RPP reduction (H) on day 7; whereas, CCR improved after (H) in all
RAC-ARF rats. The difference in mean CCR changes from day 7 to day 9
for the two groups was highly significant (P < 0.001). There were no
statistical differences between rats not sacrificed (•) and those sacrificed
for morphology (0).
morphologic indices of ARF was higher in NE-ARF, but the
scores of most individual indices were not different between the
two ARF groups.
The results of the present study showing that a minimal
transient reduction in RPP caused a reduction in renal function
and recurrent azotemia in NE-ARF but not in RAC-ARF, when
coupled with the observation that there was a vasoconstrictor
response to small reductions in RPP in NE- but not in RAC-ARF,
supports the hypothesis that the susceptibility to recurrent dys-
function in ischemic ARF models is related to the nature of the
abnormal renovascular reactivity in the maintenance phase of the
disorder. The paradoxical vasoconstriction associated with RPP
reduction resulted in recurrent injury in NE-ARF. However, since
there was no paradoxical vasoconstriction with RPP reduction in
RAC-ARF and only a small decline in RBF related to the decline
in RPP, the decrease in renal perfusion was insufficient to induce
recurrent functional injury in this model.
While it is tempting to attribute the decline in renal function
and recurrent azotemia after transient RPP reduction in NE-ARF
kidneys to a worsening of tubular ischemia, the morphologic
findings would not support this contention. On the other hand, the
recognized lack of clear structure-function correlation in this
disorder [10] does not exclude the possibility of an undetected
contribution by ischemic injury. The absence of significantly worse
tubular necrosis, brush border loss or cast formation would
suggest that the decline in CCR in the NE-ARF kidneys was not
due to increased intratubular obstruction or tubular fluid back-
leak. The finding of significantly more interstitial edema in NE-
than RAC-ARF kidneys, however, leaves open the possibility that
tubular compression may have impaired tubular fluid flow. It is
also possible that recovery of pre-glomerular or intra-glomerular
hemodynamics following transient RPP reduction may have been
more prolonged in NE- than RAC-ARF.
The mechanisms underlying the differences in renovascular
reactivity in NE- and RAC-ARF have been examined in a
previous study [5]. In addition to the difference in responses to
RPP reduction in the autoregulatoiy pressure range, there was
A Blood urea nitrogen
E
a)C)Ca
a
0
aCC
a
0
1.200
1.000
0.800
0.600
0.400
0.200
0.000
180
160
140
120
100
E 80
60
40
20
0
B Serum creatinine
1.600
1.400
1.200
1.000
0.800
B
0.600
0.400
0.200
0.000
Conger et al: Arterial pressure reduction in ARF 323
Table 1. Histopathology scores of morphologic indices of ARF
Group
Vasa
recti
Tub.
nec. Regen.
Bowman's
space
Mitoses dilatation
Tubular-
ization
Calcifi-
cation
Interstit.
inflam. Casts
JG
prom.
Interstit.
edema
Brush
bord.
loss
Mean
sum of
scores
NE-ARF 0.50 0.83 0.75 0.25 0.58 0.33 0.42 0.67 0.83 0.00 0.67 1.33 7.30
(N=6) ±0.44 ±0.41 ±0.27 ±0.27 ±0.49 ±0.25 ±0.66 ±0.41 ±0.41 ±0.00 ±0.52 ±0.68 ±2.13
RAC-ARF 0.08 0.83 0.58 0.08 0.25 0.17 0.17 0.33 0.67 0.00 0.16a 1.00 4.29a
(N= 6)
Sham-ARF
±0.20
0.00"
±0.41
0.00"
±0.49
000b
±0.20
000b
±0.42
000b
±0.41
000b
±0.41
000b
±0.52
000b
±0.41
0.00''
±0.00
0.00"
±0.41
000b
±0.71
0.17"
± 1.62
0.17"
(N= 6) ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.41 ±0.41
Histopathology scoring was from 0 (normal) to 2 (most severe) as described in Methods.
Data are means ± SD of scores for each ARF morphologic index.
Different from NE-ARF at P < 0,05
"Different from NE- and RAC-ARF at P < 0.05
found to be a lack of response to the endothelium-dependent
vasodilators acetyicholine and bradykinin, but an appropriate
response to the endothelium-independent vasodilator prostacy-
din in NE-ARF [5, 131. In contrast, there was an absence of
response to both endothelium-dependent and -independent vaso-
dilators in RAC-ARF. There also was marked constrictor hyper-
sensitivity in NE-ARF to renal nerve stimulation, but no vasocon-
strictor response to this maneuver in RAC-ARF [5, 14]. In
addition, renal denervation attenuated much of the paradoxical
vasoconstrictor response to RPP reduction [6, 14]. Renovascular
morphology demonstrated significantly more smooth muscle ne-
crosis in the resistance arterial vessels of RAC- than in NE-ARF
[51. It was concluded from these studies that NE-ARF had
evidence of a predominant functional eridothelial injury while
RAC-ARF had both morphologic and functional evidence of a
predominant smooth muscle injury. The difference in vascular
injury between the two models, most likely, was due to the severity
of initial ischemic insult (worse in RAC-ARF) or the rate of
reperfusion (more rapid in RAC-ARF). However, it has not been
possible to exclude a direct toxic effect of NE.
It is uncertain if the difference in susceptibility to recurrent
renal injury in these two models of ischemic ARF has direct
clinical relevance. On the other hand, it has long been accepted
that there is frequently a poor correlation between the apparent
severity of initiating ischemia and the subsequent course of ARF.
When ischemia is profound, as occurs with intra-operative renal
artery clamping, the duration of kidney dysfunction generally is
not prolonged [15]. On the other hand, ARF that occurs with
systemic hypotension and, assumedly, less severe initial ischemia
may have a protracted course [16, 17]. It is interesting to speculate
that the less severe change in RBF that occurs with hypotension
produces a predominant endothelial injury which may result in a
more prolonged course of ARF because of vasoconstriction and
recurrent injury associated with minor episodes of hypotension, as
can occur from a variety of causes including dialysis. Obviously, a
reliable means of assessing RBF and critical pathological evalua-
tion of the renal vasculature of ARF patients would be needed to
provide addition insight regarding the role of the renal vascula-
ture in the prolongation of post-ischemic acute renal failure.
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